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ABSTRACT 
Preliminary studies on the antimicrobial 
properties of various methods of extraction 
of Carica papaya (Pawpaw) seeds, Citrus 
paradisa (Grapefruit peel) and Piper 
guineese (Black pepper) seeds against 
eleven bacteria ( Proteus mirabilis, 
Escherichia coli, Staphylococcus aureus, 
Acinetobacter sp, Klebsiella pneumoniae, 
K. oxytoca, Pseudomonas lundensis, 
Bacillus subtilis, B. megaterium, 
Citrobacter freundii and Enterobacter 
cloacae) associated with fresh catfish 
spoilage were investigated using the cup-
plate diffusion method. Cold water, hot 
water and ethanol were the different 
extraction solvents used while the 
concentrations were 0.1g/ml, 0.2g/ml, 
0.3g/ml, 0.4g/ml and 0.5g/ml. Generally, 
hot water extraction of the plant materials 
was most effective (p < 0.01) with the 
highest mean zone of inhibition of 4.42 + 
0.38mm followed by ethanol extraction 
(3.55 + 0.47mm). The most susceptible 
bacteria was Enterobacter cloacae with 
the highest mean zone of inhibition of 22.6 
+ 3.50mm. This investigation indicates 
that the antimicrobial compounds in grape 
peel and black pepper are best liberated 
when extracted with ethanol while that of 
pawpaw is best extracted with hot water.  
Keywords: Antimicrobial properties, 
Carica papaya (Pawpaw), Citrus paradisa 
(grape peel), Piper guineese (Black 
pepper), Cup-plate diffusion. 
 
INTRODUCTION 
Food spoilage is a metabolic process that 
causes food to be undesirable or 
unacceptable for human consumption due 
to changes in sensory and nutritional 
characteristics (Doyle, 2007). Fish is a 
very perishable, high-protein food that 
typically contains high levels of free 
amino acids. Spoilage organisms differ for 
fish depending on their habitat [fresh or 
marine] and locality [tropical or 
temperate]. Fish is a very high protein 
source whose demand is very high, more 
than what the local production can meet. 
Despite the inability of the local fish 
production to meet the corresponding 
demand, large quantity of this locally 
produced fish is lost to post-harvest losses. 
Natural preservative methods are thus 
abandoned for the synthetic methods 
which have been discovered to have 
adverse effects on the health of the final 
consumers of such fish, e.g. health 
challenges like cancer, lung problems e.t.c.  
The grapefruit is a subtropical citrus tree 
grown for its fruit. All parts of the fruit 
have uses. The fruit is mainly consumed 
for a tangy juice (Fellers et. al. 1990). The 
antimicrobial efficacy of grapefruit is 
tested by extracting the active ingredients 
in it by using glycerin in the extraction 
method (Woedtke et. al., 1999). The 
pawpaw is a deciduous, often narrowly 
conical tree growing from about 12feet to 
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around 20 feet. Pawpaw trees are prone to 
producing root suckers a few feet from the 
trunk. The ripe fruit is soft thin skinned. 
Although pawpaw peel is not edible, its 
seeds are. Pawpaw seeds resemble large 
peppercorns and also have a peppery taste 
(De La Cruz Medina et. al., 2003). 
Pawpaw contains antimicrobial 
compounds like tannin, terpenoids, 
alkaloids, and organic acids. Black pepper 
is a flowering vine in the family 
Piperaceae, cultivated for its fruit, which 
is usually dried and used as a spice and 
seasoning. In dried form, the fruit is often 
referred to as peppercorns. Pepper gets its 
spicy heat mostly from the piperine 
compound which has some antimicrobial 
properties and is found both in the outer 
fruit and in the seed. 
 
MATERIALS AND METHODS 
Test Organism Confirmation 
Test organisms were isolated from the 
mouth, flesh, skin, gills and gut of freshly 
caught and slaughtered Clarias gariepinus 
(catfish) from a landing site in Abeokuta. 
The pure cultures were subcultured on 
Nutrient Agar slants and preserved in the 
refrigerator at 4°C until required for the 
study. 
Collection of Plant materials 
The plant materials, grape fruit (Citrus 
paradisa) peel, Pawpaw (Carica papaya) 
and Black pepper (Piper guineese) seeds 
were collected from Adatan market in 
Abeokuta. 
Extraction of the Plants 
Grape peel Extraction 
The grape was washed with clean water, 
peeled and the separation and extraction 
done in the following ways: 
1. 300g of grape peel was blended 
into fine powder and soaked in 
150mls of cold distilled water for 
1hr. The pulp obtained was left in 
clean, sterile glass container and 
shaken vigorously to allow for 
proper extraction. Filtration was 
done using a sterile muslin cloth 
after which the extract obtained 
was stored at ambient temperature 
until required (Azu and Onyeagba, 
2007). 
2. 300g of grape peel was blended 
and soaked in 150mls of hot water 
for 1hr; the resultant juice extracted 
was stored as done in (1) above. 
3. 300g of grape peel was blended 
and soaked in 150mls of 95% 
ethanol for 1hr; the resultant juice 
extracted was stored as done in (1) 
above. 
Antimicrobial Screening Test 
The sensitivity of the test organisms, 
Proteus mirabilis, Escherichia coli, 
Staphylococcus aureus, Acinetobacter sp, 
Klebsiella pneumoniae, K. oxytoca, 
Pseudomonas lundensis, Bacillus subtilis, 
B. megaterium, Citrobacter freundii and 
Enterobacter cloacae to the extracts of 
grape fruit (Citrus paradisa) peel, Pawpaw 
(Carica papaya) and Black pepper (Piper 
guineese) seeds was carried out using the 
cup-plate diffusion method.  1ml of each 
organism was inoculated into tubes of 
sterilized nutrient agar which has cooled to 
45
o
C.This was mixed properly and poured 
into sterile Petri dishes, allowing them to 
solidify. Holes of 15mm in diameter were 
made in the agar using sterile cork borer. 
Statistical Analysis 
Data obtained in the study were 
statistically analyzed using Analysis of 
Variance (ANOVA). The means were 
separated using Fisher’s Least Significant 
Difference (LSD) (Sanders, 1990). 
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RESULTS AND DISCUSSION 
 
Table 1: Significance of extract concentration on the sensitivity of the isolated organisms 
                                                               Mean zone of Inhibition (mm) 
Micro organisms                                              Extract Concentration (g/ml) 
                0.1        0.2  0.3          0.4         0.5               
Acinetobacter species       2.22 + 1.78     3.78 + 2.69     2.33 + 1.31     2.22 + 1.28     1.67 + 1.13 
Bacillus megaterium       0.33 + 0.33     2.00 + 1.12     2.89 + 1.59     3.44 + 1.86     2.44 + 2.10 
Escherichia coli                     2.33 + 1.65     3.33 + 2.19     2.67 + 1.46     2.00 + 1.66     0.33 + 0.33  
Bacillus subtilis                     1.78 + 1.44     1.33 + 0.75     1.56 + 0.81     2.44 + 0.99     3.67 + 1.50  
Citrobacter freundii       2.44 + 1.04     3.56 + 1.38     4.78 + 1.94     3.89 + 1.56     4.33 + 2.14  
Enterobacter cloacae       2.44 + 1.53     3.56 + 1.70     5.22 + 2.67     5.67 + 2.98     8.67 + 3.79  
Klebsiella pneumoniae            1.78 + 1.28     3.22 + 1.93     4.56 + 2.33     5.78 + 2.80     8.11 + 3.83  
Klebsiella oxytoca      0.89 + 0.89     1.67 + 0.97     2.11 + 1.06     2.67 + 1.21     4.11 + 1.60  
Proteus mirabilis                    1.78 + 0.83     2.11 + 0.75     3.00 + 1.20     3.44 + 1.28     4.89 + 1.33  
Pseudomonas lundensis       1.78 + 0.97     1.78 + 0.92     1.77 + 0.89     2.56 + 1.30     2.78 + 1.41  
Staphylococcus aureus           1.44 + 0.90      1.78 + 0.92       2.44 + 1.24    3.00 + 1.51     4.00 + 2.05 
 
Table 2: Combined effects of plant source and respective methods of extraction on the                     
           inhibition zones of spoilage organisms in fish 
                                                                     Mean zone of Inhibition (mm) 
Micro organisms                                                    Extraction Method 
                     Plant                       Ethanol                      Hot water              Cold water               
Acinetobacter species         Grape                       0.00 + 0.00                3.20 + 1.66            0.00 + 0.00 
                                         Pawpaw          0.00 + 0.00              12.00 + 3.78            0.00 + 0.00 
                                         Black pepper             0.00 + 0.00                6.80 + 1.24            0.00 + 0.00 
 
Bacillus megaterium          Grape                        0.00 + 0.00         10.20 + 3.34            0.00 + 0.00 
                                             Pawpaw                    0.00 + 0.00           6.00 + 2.00            0.00 + 0.00 
                                         Black pepper               0.00 + 0.00           3.20 + 1.66            0.00 + 0.00 
 
Escherichia coli                  Grape                      0.00 + 0.00           5.60 + 2.69            0.00 + 0.00 
                                             Pawpaw                  0.00 + 0.00         10.60 + 3.30            0.00 + 0.00 
                                            Black pepper          0.00 + 0.00          3.00 + 1.14             0.00 + 0.00 
 
Bacillus subtilis                  Grape                      3.40 + 1.21               0.00 + 0.00             0.00 + 0.00 
                                           Pawpaw                   6.00 + 1.41               2.60 + 1.66             0.00 + 0.00 
                                         Black pepper            7.40 + 1.44               0.00 + 0.00              0.00 + 0.00 
 
Citrobacter freundii           Grape                     5.00 + 0.84               6.00 + 0.00           2.80 + 0.86  
                                             Pawpaw                  0.00 + 0.00           6.00 + 0.00            0.00 + 0.00 
                                          Black pepper            0.00 + 0.00          6.00 + 0.00            0.00 + 0.00 
 
Enterobacter cloacae         Grape                     9.60 + 2.79             7.20 + 2.27              5.00 + 0.55 
                                           Pawpaw                    2.80 + 1.24              0.00 + 0.00             0.00 + 0.00 
                                      Black pepper               22.60 + 3.50             0.00 + 0.00             0.00 + 0.00 
 
Klebsiella pneumoniae      Grape                    14.60 + 4.95             9.40 + 4.12             6.20 + 2.84 
                                           Pawpaw                     2.20 + 1.36              0.00 + 0.00             0.00 + 0.00 
                                           Black pepper             9.80 + 4.31              0.00 + 0.00             0.00 + 0.00 
 
Klebsiella oxytoca              Grape                       2.40 + 0.98             2.00 + 0.63            3.60 + 1.36    
                                            Pawpaw                     2.20 + 1.02              0.00 + 0.00             0.00 + 0.00 
                                       Black pepper                 10.4 + 1.03              0.00 + 0.00             0.00 + 0.00 
 
Proteus mirabilis               Grape                       4.60 + 1.17              4.80 + 0.97               2.20 + 0.66 
                                            Pawpaw                   5.80 + 0.80              0.00 + 0.00             0.00 + 0.00 
                                            Black pepper           8.20 + 0.80              0.00 + 0.00             0.00 + 0.00 
 
Pseudomonas lundensis     Grape                     0.00 + 0.00         6.60 + 1.08           0.00 + 0.00 
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                                             Pawpaw                  0.00 + 0.00         7.20 + 0.66           0.00 + 0.00 
                                       Black pepper                0.00 + 0.00             5.40 + 0.75           0.00 + 0.00 
Staphylococcus aureus       Grape                     0.00 + 0.00       7.80 + 2.01             0.00 + 0.00 
                                               Pawpaw                 0.00 + 0.00       8.80 + 1.16             0.00 + 0.00 
                                       Black pepper                 0.00 + 0.00          5.60 + 1.36             0.00 + 0.00 
 
 
The results of the work show that the 
sensitivities of Enterobacter cloacae and 
Klebsiella pneumoniae were not 
significantly (P< 0.05) different from each 
other but significantly (P< 0.05) different 
from the others whose sensitivities were 
not different from one another. Extract 
source and method of extraction also 
affected to a degree, the efficacy of the 
plant extracts. Grape fruit peel as an 
extract source was significantly (P< 0.05) 
different from black pepper seed while hot 
water method of extraction was 
significantly (P< 0.05) different from the 
ethanolic method of extraction. It is 
worthy to note as reported by Ekwenye 
and Elegalam (2005) that the antimicrobial 
activities of these plant extracts were 
dependent on their concentration. Table 1 
shows how the micro organisms responded 
to the different extract concentrations. 
Enterobacter cloacae was the most 
sensitive to all the concentrations except 
0.4g/ml (Klebsiella pneumoniae). The 
sensitivities of the two most sensitive 
organisms (Escherichia coli and 
Pseudomonas lundensis) were not 
significantly different from each other but 
were from the rest. Table 2 shows the 
antimicrobial sensitivity of the isolated 
organisms using the different methods of 
extraction to extract the antimicrobial 
compounds from the plants. Ethanolic 
extract of black pepper inhibited 
Enterobacter cloacae the most then the 
effect of ethanolic extract of grape peel on 
Klebsiella pneumoniae. This table also 
shows that Acinetobacter species’ spoilage 
activity can be combated using the hot 
water extract of pawpaw seed. The three 
methods of extraction were significantly 
different from one another in terms of the 
mean inhibition zones. This further 
showed that hot water and ethanolic 
methods of extraction can be relied upon 
to inhibit spoilage and pathogenic 
organisms in catfish. The isolated micro 
organisms also exhibited different 
sensitivities to the extract concentrations 
used. Enterobacter cloacae was the most 
sensitive to all extract concentrations 
excluding 0.4g/ml to which Klebsiella 
pneumoniae was the most sensitive. This 
showed that Enterobacter cloacae could 
be inhibited by the plant extracts (grape 
fruit peel, pawpaw seeds and black pepper 
seeds) using both low (0.1g/ml) and very 
high (0.5g/ml) concentrations. This trend 
of inhibition could result in total 
elimination of the microorganisms with 
increased extract concentration. 
Acinetobacter species and Escherichia coli 
were the most inhibited organisms by a 
concentration of 0.2g/ml and least 
inhibited at the highest concentration 
(0.5g/ml) evaluated. This means that their 
activities and presence in fish can easily be 
curtailed by using low concentrations of 
plant extracts. The sensitivity of Bacillus 
megaterium increased with concentrations 
up to 0.4g/ml, showing that fish spoilage 
by it can be put under control using plant 
extracts only at high concentrations. Using 
the mid concentration of 0.3g/ml, the 
activities of Citrobacter freundii were 
inhibited. Bacillus subtilis, Enterobacter 
cloacae, Klebsiella pneumoniae, K. 
oxytoca, Proteus mirabilis, Pseudomonas 
lundensis and Staphylococcus aureus 
required very high concentrations of plant 
extracts for remarkable inhibition, since 
they exhibited highest inhibition with a 
concentration of 0.5g/ml, the highest 
concentration used in this study. 
 
CONCLUSION  
Antimicrobial properties of extracts were 
affected by plant source, method of 
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extraction and concentration. Ethanolic 
extracts gave the highest zone of inhibition 
and best inhibitory properties on all the 
organisms. Enterobacter cloacae was the 
most sensitive microorganism to all the 
plant extracts evaluated, followed by 
Klebsiella pneumoniae; while the least 
sensitive was Escherichia coli. Although, 
grapefruit peel was the best plant, followed 
by black pepper, the ethanolic extract of 
the latter exhibited better antimicrobial 
property in terms of the mean zone of 
inhibition. The plant extracts were unable 
to completely inhibit all isolated organisms 
at the concentrations used. This suggests 
that the extracts at the concentrations used 
in this study kept isolated microorganisms 
at bay; with the likelihood of complete 
inhibition at a much higher concentrations 
where a positive correlation was 
established between antimicrobial 
inhibition and extract concentration. 
Though the best plant was grapefruit peel 
and the best method of extraction was the 
ethanolic method, the probable 
combination for a much better inhibition 
of isolated microorganisms is the ethanolic 
extract of black pepper at higher 
concentration (particularly for those 
organisms whose zones of inhibition had a 
direct relationship with the concentration 
of extracts, including all the isolated 
organisms except E. coli and 
Acinetobacter species). The plant extracts 
were considered efficient in that they were 
able to put the isolated organisms, 
especially the pathogenic ones under check 
by exerting on them strong antimicrobial 
properties. 
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